Abstract. The purpose of the study is to analyze the acoustic features of Monophthongs in Monguor language. On the base of acoustic parameter database of the Monguor speech, the study discusses the differences in duration and F2 difference between short and long monophthongs in monosyllabic words and the differences in duration and F2 difference in first syllable, middle syllable(s), and last syllable for short and long monophthongs. The results show that in Monguor language, short and long vowels have the opposed relation and therefore differentiate the meanings of words.
Are there significant differences in duration and formants in first syllable(FS), middle syllable(s)(MS), and last syllable(LS) for short and long monophthongs?
Results and Discussion

Acoustic Analysis of Monguor Monophthongs.
The differences in duration and formants between short and long monophthongs in monosyllabic words are shown in the following tables.
In this study, only the second formant (F2) is measured with the unit of Hz. The F2 difference is the absolute value between the onset value and the target value of the second formant. The mean and standard deviation (Std. D) differences between /u/ and /u:/ are the highest , while between /i/ and /i:/ the lowest (168-187, 182-195)(in Table 1 ). The unit of the duration of a sound is millisecond (ms). The mean difference between /i/ and /i:/ is the highest (121-265), while the Std. D difference between /u/ and /u:/ is the highest (66-95) , as shown in Table 2 . The T-test results show that the duration between every pair of short and long monophthongs is significantly different (P=0.000 < 0.05). The acoustic data (F2 and duration) in this part come from the trisyllabic and quadrisyllabic words. The F2 and duration of each pair of monophthongs will be analyzed respectively. /a/-/a:/ According to the result of ANOVA, there is no significant difference in F2 difference among the FS, MS, and LS for /a/ and /a:/ (P=0.152 > 0.05) in Monguor words. However, F2 difference between the short and long monophthongs is significantly different with P=0.001 < 0.05. The F2 difference between /a/ and /a:/ in the FS is the greatest. The F2 difference in the MS for /a:/ is the smallest.
The sound duration among the FS, MS, and LS for /a/ and /a:/ is significantly different with P=0.000 < 0.05. The multiple comparisons show that the duration between the FS (mean: 112ms) and MS (mean: 117ms) is the same with P=0.908> 0.05, while the duration between the FS and LS (mean: 179ms) (P=0.000 < 0.05), or between MS and LS (P=0.000 < 0.05), has the significant difference. The duration between the short (mean: 104ms) and long (mean: 188ms) monophthongs is significantly different with P=0.000 < 0.05. Duration between /a/ and /a:/ in the FS is the greatest, while in the LS the smallest.
/e/-/e:/ The sound duration between every two syllables among the FS (mean: 165ms), MS (mean: 121ms), and LS (mean: 212ms) for /e/ and /e:/ is significantly different with all P=0.000 < 0.05. The duration between the short (mean: 115ms) and long (mean: 220ms) monophthongs is significantly different with P=0.000 < 0.05. The sound duration in the MS for both /e/ and /e:/ is the smallest. /i/-/i:/ According to the result of ANOVA, there is no significant difference in F2 difference among the FS, MS, and LS for /i/ and /i:/ (P=0.697 > 0.05) in Monguor words. However, F2 difference between the short (MF2D: 152Hz) and long (MF2D: 301Hz) monophthongs is significantly different with P=0.000 < 0.05. The F2 difference for /i:/ lowers from the FS to the LS, while the F2 difference for /i/ increases from the FS to the LS.
The sound duration among the FS, MS, and LS for /i/ and /i:/ is significantly different with P=0.000 < 0.05. The multiple comparisons show that the duration between the FS (mean: 138ms) and MS (mean: 113ms) is the same with P=0.296 > 0.05, while the duration between the FS and LS (mean: 203ms) (P=0.000 < 0.05), or between MS and LS (P=0.000 < 0.05), has the significant difference. The duration between the short (mean: 89ms) and long (mean: 257ms) monophthongs is significantly different with P=0.000 < 0.05. The sound duration in the FS and the MS for either /i/ or /i:/ is almost the same, but it is the longest in the LS for either /i/ or /i:/.
/o/-/o:/ The result of ANOVA demonstrates that there is no significant difference in F2 difference among the FS, MS, and LS for /o/ and /o:/ (P=0.899 > 0.05) in Monguor words. However, F2 difference between the short (MF2D: 197Hz) and long (MF2D: 315Hz) monophthongs is significantly different with P=0.000 < 0.05. The F2 difference is the greatest in the MS for /o/, while it is the greatest in the FS for /o:/. The F2 difference between the MS and LS for /o:/ is almost the same, while the F2 difference between the FS and LS for /o/ is almost the same.
The sound duration among the FS, MS, and LS for /o/ and /o:/ is significantly different with P=0.000 < 0.05. The multiple comparisons show that the duration between the FS (mean: 142ms) and MS (mean: 121ms) is the same with P=0.193 > 0.05, while the duration between the FS and LS (mean: 209ms) (P=0.000 < 0.05), or between MS and LS (P=0.000 < 0.05), has the significant difference. The duration between the short (mean: 103ms) and long (mean: 213ms) monophthongs is significantly different with P=0.000 < 0.05. The sound duration in the MS for both /e/ and /e:/ is the smallest, but in the LS for both /e/ and /e:/ the longest. The variation trend about the sound duration for both /e/ and /e:/ is the same.
/u/-/u:/ The result of ANOVA indicates that the F2 difference for /u/ and /u:/ in Monguor words among the FS, MS, and LS is significantly different (P=0.000 < 0.05). The multiple comparisons show that the F2 difference between every two syllables among the FS (MF2D:312 Hz), MS (MF2D: 206Hz), and LS (MF2D: 518Hz) for /u/ and /u:/ is significantly different with all P < 0.05. The F2 difference between the short (MF2D: 198Hz) and long (MF2D: 569Hz) monophthongs is significantly different with P=0.009 < 0.05. The variation trend about the F2 difference for both /e/ and /e:/ is the same. The F2 difference in the MS for both /u/ and /u:/ is the smallest, but in the LS for both /u/ and /u:/ the greatest.
The sound duration among the FS, MS, and LS for /u/ and /u:/ is significantly different with P=0.000 < 0.05. The multiple comparisons show that the duration between the FS (mean: 102ms) and MS (mean: 107ms) is the same with P=0.933 > 0.05, while the duration between the FS and LS (mean: 221ms) (P=0.000 < 0.05), or between MS and LS (P=0.000 < 0.05), has the significant difference. The duration between the short (mean: 86ms) and long (mean: 229ms) monophthongs is significantly different with P=0.000 < 0.05. The sound duration increases from the FS to the LS for both /u/ and /u:/.
Summary
On the base of acoustic parameter database of the Monguor speech, the study discusses the differences in duration and F2 difference between short and long monophthongs in monosyllabic words and the differences in duration and F2 difference in first syllable, middle syllable(s), and last syllable for short and long monophthongs. The study shows that the difference between the onset value and the target value of F2 for /a/-/a:/ and /u/-/u:/ is not the same, while the same for /e/-/e:/, /i/-/i:/ and /o/-/o:/. The duration between every pair of short and long monophthongs is significantly different. The result shows that, in Monguor language, short and long vowels have the opposed relation and therefore differentiate the meanings of words. The duration among first syllable, middle syllable(s), and last syllable for short and long monophthongs is significantly different. The result shows that the duration in the last syllable is longer than that in first syllable or middle syllable(s) for either short or long monophthong. There is no consistent result for F2 difference among first syllable, middle syllable(s), and last syllable for each pair of short and long monophthongs.
Language is the most important cultural resource for human beings. Minority language is a valuable cultural treasure of the Chinese nation, and also a component of the cultural diversity of the whole human race. At present, because of the economic, political, technological factors and social changes, the use of some Chinese minority languages decreases, and even some Chinese minority languages are disappearing or has disappeared. Therefore, the purpose of the study is for the preservation of the precious language resource. The results of the study can be applied in speech recognition and speech synthesis. The main significance of the study lies in language application and protection.
